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RNA interference (RNAi) is a powerful approach to inhibit human 
immunodeficiency virus type 1 (HIV-1) replication. However, HIV-1 can escape from 
RNAi-mediated antiviral therapy by selection of mutations in the targeted sequence. 
Simultaneous targeting of multiple highly conserved viral sequences has been suggested 
for a promise to avoid viral escape. In this study, we tested a multiple miRNA 
expression strategy which simultaneous targeting to HIV-1 and cell receptor.  
Therefore, we screened 165 different siRNAs targeting highly conserved regions. We 
identified multiple siRNAs that act as potent inhibitors of virus replication, including 
siRNA-vif37, siRNA-pol1102 and siRNA-pol1402 targeting  to conserved sequences 
in the Vif and Pol genes. There used to expression siRNA in shRNA manner. However, 
it has been demonstrated that RNA polymerase III shRNA expression cassettes 
usually results in high expression levels. This may not always be desired in a gene 
therapy setting because of increased toxicity due to saturation of the RNAi machinery 
with siRNAs. An attractive approach is to express siRNAs from miRNA transcript, 
such as miRNA can be expressed from an RNA polymerase II promoter. This strategy 
is of particular interest for antiviral purposes because RNA polymerase II promoter 
will allow lower and regulated expression, thereby reducing the risk of toxicity. 
In this study, we tested a microRNA (miRNA) expression strategy by inserting 
effective anti-HIV siRNA sequences in the mir-155 or mir-30a. Individual anti-HIV 
miRNAs that resemble the natural miRNA structures were optimized by varying the 
siRNA position in the hairpin stem to obtain maximal effectiveness. These artificial 
microRNA can mediated effective cross-clade inhibition. Furthermore, we also 
sceened 16 target against cell receptor gene CCR5, which is a key receptor for HIV 
infection and has been identified on CD4+ lymphocytes in both blood and intestinal 
mucosa.The RNAi sequence was layed in mir-30a. Here, we got an efficient artificial 
microRNA named mir-CCR13A. 
Ideally, we linked these four efficient artificial microRNAs with three linkers, 















were derived from antisence sequence of env gene. Finally, we could expression of 
four different miRNAs from a singl vector. Fortunately, each of miRNAs can obtain 
maximal effectiveness against luciferase reporters and HIV-1. Thus, their combined 
expression resulted in a much stronger inhibition of virus production. 
We then transfered this multiple miRNA element into MT-4 cell by lentiviral 
vector. MT4-miCVPP was a positive cellline which transduced by lentivirus. 
miCVPP could be expression in MT4-miCVPP permanently. We showed that the 
four miRNAs was expressed respective. To understand the off-target effect of 
miCVPP, we analyzed the IFN response, cell cytotoxicity and proliferation of 
MT4-miCVPP. Furthermore, we also analyzed endogenous miRNA level in 
MT4-miCVPP. Reault shew that, our multi-miRNA have no off-target effect. 
Moreover, whereas HIV-1 could escape from a single miRNA, we now show that 
HIV-1 escape can be prevented when four miRNAs are simultaneously expressed in 
MT-4 cell. We demonstrated that HIV-1 replication can be efficiently inhibited by 
simultaneous expression of four antiviral miRNAs from the polycistronic miRNA 
transcript. These combined results indicated that a multiplex miRNA strategy may be 
a promising therapeutic approach to attack escape-prone viral pathogens. 


























CTL：Cytolytic T lymphocyte，细胞毒性 T 淋巴细胞 
DC：Dendritic cell，树突细胞 
DNA：Deoxyribonucleic acid，脱氧核糖核酸 
EGFP：Enhanced green fluorescent protein，增强型绿色荧光蛋白 
Elisa：Enzyme-linked ImmunoSorbant Assay，酶联免疫吸附试验 
FBS：Fetal bovine serum，胎牛血清 
FDA：Food and drug admistration，美国食品和药物管理局 
HAART：Highly active antiretroviral thrapy，高活性的抗反转录病毒治疗 
HIV：Human immunodeficiency virus，人免疫缺陷病毒 
HSC：Hematopoietic stem cell，造血干细胞 
HSV-1：Herpes simplex virus 1，1-型单纯疱疹病毒
IFN：Interferons，干扰素 
IRES：Internal ribosome entry site，核糖体内部进入位点 
LacZ：β半乳糖苷酶 
lhRNA：Long hairpin RNA，长发卡 RNA 
LTR： Long terminal repeat，长末端重复序列 
Luc：Luciferase，荧光素酶 
LV：Lentiviral vector，慢病毒载体系统 
















MLV： Murine leukemia virus vector，小鼠白血病病毒载体 
MOI：Multiplicity of infection，感染复数 
nt：Nucleotide，核苷 
ORF：Open reading frame，开放阅读框 
Ori：Origin，复制起始位点 
PBMC：Peripheral blood monouclear cells，外周血单核细胞
polyA：Polyadenosine，多聚腺苷酸 
polyI:C：polyinosinic polycytidylic acid，聚肌胞苷酸 
RISC：RNA-induced silencing complex，RNA 诱导的静默复合体 
RNA：Ribonucleic acid，核糖核酸 
RNAi：RNA interference，RNA 干扰 
scFv：Single Chain Variable Fragment ，单链抗体 
SCID：Severe combined immunodeficiency，严重联合免疫缺陷 
shRNA：Short hairpin RNA，短发卡 RNA 
SIN ：Self-inactivating，自激活缺失 
siRNA：Small interfering RNA，小分子干扰 RNA 
SV40：Simian vacuolatiny virus，猴空泡病毒 
TLR：Toll-like receptor， Toll 样受体 
UTR：Untranslated region，非翻译区 
VEGF ：Vascular endothelial growth factor，血管内皮生长因子 
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